CraTtucTuueckoe onpeaeaeHne BePOSTHOCTH.

PaccmoTpuM cimydaitHbIi SKCIEPUMEHT, 3aKITFOYAIOIITUICS B TOM, YTO TOJI0PAChIBACTCS
urpajbHas KOCTb, CJII€JaHHas M3 HEOJHOPOAHOro Marepuana. Ee HeHTp TsKecTH He
HaxOJUTCSI B T€OMETPUYECKOM LEHTpe. B 3TOM ciiydae Mbl HE MOXEM CUYUTaThb HCXOJbI
(BbINasieHNE EIMHUILIBI, TBOWKH U T.X.) PAaBHOBEPOSTHBIMH. V3 (PM3MKHM M3BECTHO, YTO KOCTh
Oosee yacTo OyneT majarh Ha Ty IpaHb, KOTOpas OJMKe K LHEeHTpY TskecTH. Kak onpenenuth
BEPOATHOCTH BBINAJICHUS, HAIIPUMED, TpeX OuKOB? EAMHCTBEHHOE, YTO MOXHO CHENATh, 3TO
moAOpPOCUTE ATy KOCTh n pa3 (T/ie n-A0CTAaTOYHO Ooubloe 4ucio, ckaxkeM n=1000 wam
n=5000), moacUYUTaTh YMCIO BBINAJAEHUM TPEX OYKOB /3 M CUMTATh BEPOSTHOCTH MCXOAA,
3aKJIIOYAIOIIErocsi B BBIMAJEHUU TPEX OYKOB, PABHOM #3/m - OTHOCHTEIBHOM YacToTe
BBIMAJICHUA TpeX OYKOB. AHAJOTHYHBIM O0pa3oM MOKHO OINPEAEIUTh BEPOSTHOCTU
OCTQJIBHBIX 3JIEMEHTAPHBIX HMCXOJIOB — E€AUHUILIBI, JBOMKH, YETBEPKH U T.[. Te€OpeTHUeCKH
Takoi o0pa3 AEWCTBUII MOXXHO OIpaBlIaTh, €CIM BBECTH CTATHCTHYECKOE OIpeiesieHne
BEPOSTHOCTH.

BepositHocTh P(@;) ompenensieTcss Kak Mpeael OTHOCUTEIBLHON YacTOTHI TOSIBICHUS
MCX0/1a @; B IPOLIECCE HEOTPAHUYEHHOIO YBEIMYEHHS YUCIa CIIy4alHbIX SKCIIEPUMEHTOB 71,
TO €CTh

P =P(w,) = lim @
n—o

rae m,(@) — YUCIO CIAy4alWHBIX SKCIEPUMEHTOB (M3 OOIIEro 4YHclia 7 MPOU3BEIACHHBIX
CIIydallHbIX SKCIIEPUMEHTOB), B KOTOPBIX 3apErMCTPUPOBAHO IOSBIECHUE 3JIEMEHTApHOIO
UCX0/a ;.

Tak kak 37ech HE MPUBOAWTCS HUKAKHX JOKA3aTEeNbCTB, MBI MOXEM TOJBKO
HAJIEATBCS, 4YTO TpeAeN B TOcCieqHer (opMmyne CyIecTByeT, OOOCHOBBIBAas HaICKIy
KU3HCHHBIM OIIBITOM U PIHTyPIL[HCfI.

I'eomeTpuyeckasi BEpOATHOCTD

B onHOM cneuuansbHOM Cilydae AaauM OIpeAesieHHEe BEpPOSITHOCTH COOBITHS IJIf
CIIy4aifHOTO 3KCIIEPUMEHTA C HECYETHBIM MHOXKECTBOM HMCXOIOB.

Ecnu mexay MHOX)eCTBOM (2 3JIEMEHTAPHBIX MCXOJIOB CIyY4ailHOTO 3KCIEPUMEHTA U
MHOXECTBOM TOUYEK HEKOTOpPOH IMIOCKOH (urypsl ¥ (curma 0ojblasi) MOXKHO YCTaHOBHTH
B3aMMHO-OJTHO3HAYHOE COOTBETCTBUE, a TAK)KE€ MOXO YCTAHOBHUTH B3aHMMHO-OJITHO3HAUHOE
COOTBETCTBUE MEXIY MHOXECTBOM JJIEMEHTAPHBIX HMCXOJOB, OJaronpusTCTBYIOIIUX
cOOBITHIO 4, U MHOKECTBOM TOYEK IJIOCKON (UTYphI G (CUTMa Maiasi), SBJISIOLIEICS YacThio
buryps X, TO

P(A) =

3

nln

rae s — miomanas GUrypsl 6, S — miIomanb Guryps .

[Tpumep. /IBa yenmoBeka 00enalOT B CTOJNOBOM, KOoTopas OTKphITa ¢ 12 10 13 wacos.
Kaxnprit 13 HUX NPUXOAUT B TPOM3BOJIBHBIA MOMEHT BpeMEHH M obemaer B TeueHue 10
MuHYT. KakoBa BEpOATHOCTb UX BCTPEUU?

ITycth x — BpeMs Mpuxoja MEepPBOTO B CTOJIOBYIO, @  — BpeMs MPUX0JIa BTOPOTO
(lZS X<13 12< ygl's).



MoxHO YCTaHOBUTH B3aHMMHO-OJJHO3HAYHOC

COOTBETCTBME MEXAy BCEMHM IapamMu uucen (x;y) (wam Yy 4
MHOKECTBOM HCXOJIOB) M MHOXECTBOM TOYEK KBajapaTa cO 13 .
CTOPOHOM, paBHOU 1, Ha KOOPAMHATHOW IMJIOCKOCTH, T HA4aJO A

KOOPJMHAT COOTBETCTBYET yuciay 12 mo ocu X u mo ocu Y, kak
n300paxeHo Ha pHUCYHKe 6. 31ech, Hampumep, Todka A
COOTBETCTBYET MCXOAY, 3aKJIIOYAlOIIeMycCsl B TOM, 4YTO MEPBBIN
npumen B 12.30, a Bropoii - B 13.00. B sTom cityuae, oueBUaHO, 12 13 ;
BCTpEUa He COCTOsIACh. Puc.6
Ecnu nepBblii mpumien He MO3Xe BTOPOro (y = x), To
BcTpeda nmpousonaeT npu yeinouu 0 <y - x < 1/6 (10 muH.- 310 1/6 Haca).
y 4 o Ecan BTopo#l mpuien He mo3xe mepBoro (x = y), TO
7 BCcTpeda nmpousonaeT mpu ycinouu 0 <x -y < 1/6..
© / Mexy MHOXECTBOM HCXOJOB, OJarompuUsTCTBYIOIINX
<> ~ BCTpede, U MHOXECTBOM TOYEK OONacCTH G, W300pakeHHOM Ha
o pUCYHKE 7 B 3alITPUXOBAaHHOM BHJIE, MOXHO YCTaHOBUTHh
Pt B3aMMHO-0JTHO3HAYHOE COOTBETCTBHE.
> Hckomasi BEpOSTHOCTD p paBHA OTHOIICHHUIO TUIOMIAIN
12 13 X  o6mactu o k muomagu Bcero kpajapata.. Ilmomans KBagpaTa
Puc. 7 paBHA €IUHUIIE, a IUIOIIAh 00JIACTH G MOXKHO OIMPENEIUTh KaK
pa3HOCTb  €IWHUIBI M  CyMMapHOM  IUIOIIAagu  JABYX
TPEYroJbHUKOB, N300payKeHHBIX HA pUCYHKe 7. OTCIO/a CIeayeT:
25 11

:1——:—
P 36 36

13

HenpepbiBHOE BepPOSITHOCTHOE MPOCTPAHCTBO.

Kak y»e roBopuiioch paHee, MHOKECTBO 3JIEMEHTapHBIX UCXOJ0B MOXET OBIThH OoJee,
YeM CUETHBIM (TO €CTh HECUETHBIM). B 3TOM cilyyae Henb3sl CUMTATh JHOO0E MOAMHOXKECTBO
MHO>KeCTBa {2 COOBITHEM.

YtoObl BBECTH OIpEJIEICHUE CITy4aitHOrO COOBITHS, PACCMOTPUM CUCTEMY (KOHEUHYIO
WIN CUETHYIO) MOAMHOXKeCTB A , A, ... A, IPOCTPaHCTBA IIEMEHTAPHBIX UCXOJ0B ).
B ciryyae BBIINIOJIHEHUS TpEX YCIIOBHIA:
1) Q nmpuHAATIEKUT ITOU CUCTEME;
2) U3 NPUHAAIEKHOCTH 4 ITON CUCTEME CIIEAYET IPUHAIIEKHOCTh A 5T0i CUCTEME;
3) U3 NPUHAIISKHOCTUA U A; 3TOH cuCTeMe CleAyeT NPUHAMIeKHOCTh A; U A; 3TOH

cUCTEME
TakKas CUCTEMa MOJMHOKECTB Ha3bIBAETCA AJIredpoi.
[Tycth 2 — HEKOTOpPOE MPOCTPAHCTBO IEMEHTAPHBIX MUCXONIOB. YOEAUTECh B TOM,

YTO JIB€ CUCTEMBbI IOJJMHOXKECTB!
1)Q, J;2)Q, A, A, D (3nech A— MOIMHOXKECTBO Q) ABISAIOTCS aredpamu.

[Tycthb A 1 A; npuHaATIEek)aT HEKOTOpoH anredpe. Jokaxure, uro A; \ 4, u AN A3
NPUHAIEKAT 3TOH anredpe.

IloaMHOKeCTBO A HECYETHOI0 MHOKECTBA 3JIEMEHTAPHBIX MCXO0A0B () SIBJIACTCH
co0bITHEM, eC/IM OHO NPHUHAJJICKUT HEKOTOPO# anredpe.

Chopmynmupyem akcuomy, HazpiBaemyto akcromoir A.H. Koamoropoga.

Kaxnomy coObITHIO COOTBETCTBYeT HeOTpPHIaTelIbHOE M He INpeBoCXoasiiee
eIUHHUIBI YUCca0 P(A), Ha3pIBaeMoe BepPOSITHOCTHIO coObITUSL A, npuyeM GpyHkuusa P(A)
00J1agaeT CJIeIYHIUMH CBOMCTBAMU:



1) P(Q)=1
2) ecaiu coObITUSA A1, A2yeeey A, HECOBMECTHBI, TO
P(A4,UA4,U..UA,))=P (A + P (4,) +...+ P(A,)

Ecnu 3amaHoO MpOCTPaHCTBO D3JEMEHTAapHBIX HCXO0Z0B (), anrebpa coOBITUH U
omnpeneneHHas Ha Hel QyHKIUS P, yIOBIETBOPSIONIAs YCIOBHSIM MPUBEICHHOW aKCHOMBI, TO
TOBOPAT, YTO 33/1aHO BEPOSITHOCTHOE NMPOCTPAHCTBO.

DTO ompenesieHne BEPOSTHOCTHOTO IPOCTPAHCTBA MOXKHO IIEPEHECTH Ha CIIydai
KOHEYHOTO IMPOCTPAHCTBA 3JEMEHTApHBIX MCX0om0B 2. Torma B kadecTBe anreOpbl MOXKHO
B35ITh CHCTEMY BCEX IMOJMHOXKECTB MHOKeCTBa (2.

DopMyJIbI CJI0KEHUSI BEPOSTHOCTEIA.

W3 nyHkTa 2 npuUBENEHHOW aKCHOMBI CIIENYeT, YTo e€ciu A; U A, HECOBMECTHBIE
CcOOBITHS, TO

P(A4,UA,) = P(4) + P(42)

Ecmu 4, u A, — coBMecTtHBIe cOOBITHS, TO A;UA; =(A;\ A2)UA,, ipudeM OYEBHIIHO,
ut0 A1\, 1 A, — HecoBMeCTHBIC COOBITHA. OTCIO/IA CIIEAYET:

P(A4,UA4;) = P(A1\42) + P(A>) (*)

Hanee oueBunno: A; = (A)\ 42)U(4,NA4,), mpuaem A\ A, u A;NA; - HECOBMECTHBIE
cobbIThsA, oTkynma cienyetr: P(4)) = P(A)\ 4;) + P(A1NA4;) Haitnem wu3 3Toii ¢dopMyIbl
BeIpakeHue s P(A)\ 4,) U moacTaBUM €ro B MpaBylo 4acTh (opmynsl (*). B pesynbrare
NOJy9rM (hOPMYITY CIIOKEHUST BEPOSITHOCTEH:

P(4,UA4y) = P(4,) + P(42) — P(41NA4>)

N3 mnocnennedr ¢GopMynbl JIETKO MOMYYUTh (OPMYNY CIIOKEHHUS BEpPOATHOCTEH Ui
HECOBMECTHBIX COOBITHIH, MOJIOKUB A1NA,= .

IIpumep. HaiTu BEpOSATHOCTH BBITAIUTH Ty3a MM YEPBOBYIO MAaCTh IIPU CIy4ailHOM
0TOOpE OJTHOM KapThl U3 KOOI B 32 JIHCTA.

P(TVY3)=4/32=1/8; P(UEPBOBAS MACTb ) = 8/32 = 1/4;
P(TY3 YEPBEN ) = 1/32;

P((TY3) U (YEPBOBASI MACTD )) = 1/8 + 1/4 - 1/32 =11/32

Toro xe pe3yiibTaTta MOKHO OBLIO A0CTHUYDb C MOMOIIBIO KIIACCUYCCKOTO ONPCACICHUA
BCPOATHOCTHU, IEPECUMUTAB YHUCJIO 6J'Ial"OHpI/I$ITHBIX HCXO0Oa0B.

Yci0oBHbIE BEPOATHOCTH.

Paccmotpum 3amady. CTyneHT mepea 3k3aMeHOM Bblydri u3 30 OuieToB OMIIETHI C
Homepamu ¢ 1 mo 5 u ¢ 26 mo 30. M3BecTHO, 4TO CTYIEHT Ha HK3aMEHE BBITAIIWI OWJIET C
HoMepoM, He mnpesbimaronmM 20. KakoBa BEpOATHOCTb, YTO CTYACHT BBHITAIIUI BbIyYEHHBIN
omet?



OnpenenuM MPOCTPAHCTBO 3JIEMEHTApHBIX HcxomoB: Q=(1,2,3,...,28,29,30). Ilycts
coObiTe A 3akimo4yaercs B TOM, 4YTO CTYIACHT BBITAIWI BBIYUYCHHBIA OWIET:
A=(1,...,5,25,...,30,), a coObiTHe B — B TOM, YTO CTYACHT BBHITAIIUJ OWJIET W3 TEPBbIX
nBaamnatu: B =(1,2,3,...,20)

CobwitHe ANB cocrouT U3 msaTu ucxonos: (1,2,3,4,5), u ero BeposTHOCTH paBHa 5/30.
OTO YMCIIO MOXKHO MPEACTaBUTh Kak mpoussenenue apoodeit 5/20 u 20/30. Yucno 20/30 - sTo
BEpPOSTHOCTH coObITHUS B. Uncno 5/20 MOXHO paccMaTpuBaTh Kak BEPOSTHOCTH COOBITHUS A
IpU YCIOBUH, YTO cOOBITHE B npousonuio (00o3Hauum e€ P(A/B)). Takum oOpa3oM perieHue
3aaum onpenenseTcs GopMyon

P(ANB) = P(4/B) P(B)

Orta dopMyna Ha3piBaeTCs (HOPMYIION YMHOKEHUS BEPOSTHOCTEH , a BEPOSTHOCTH
P(A4/B) — ycnoBHOM BEpPOATHOCTHIO COOBITHS A.

[Tpumep..13 ypHBI, comepkarneld 7 OenbIX W 3 4YEpHBIX IIAPOB, HAyAadyy OAMH 3a
JIpyruM Hu3BJIeKaroT (0e3 Bo3BpalleHus) ABa mapa. KakoBa BepOsSTHOCTh TOTO, UYTO MEPBBIN
map Oyzaer 6enbiM, a BTOPOW YepHBIM?

IIycth X — coObITHE, cocTosIIee B W3BJICYCHHH IEpPBBIM Oejoro mapa, a Y —
COOBITHE, COCTOAIIEe B M3BJICUCHHM BTOPHIM uYepHOro mapa. Torma XY -  coObiTue,
3aKJTIOYAIONIEecss B TOM, YTO TIEPBBIN map Oynmer Oenbim, a BTopoid — depHbIM. P(Y/X) =3/9
=1/3 — ycnoBHasE BEPOSTHOCTh W3BICYCHHS] BTOPBHIM YEPHOTO Iapa, €CIH TMEPBBIM OBLI
u3BiedeH Oenbiif. YuutbeiBasg, uto P(X) = 7/10, mo dopmMmyrne yMHOXEHHS BEpPOSTHOCTEH
nonydaem: P(XNY) =7/30

CoObiTHe A Ha3bIBaeTCsl HE3ABUCUMBIM OT coObITHSI B (MHaye: coObiTust A U B
HA3BIBAIOTCS HE3aBUCHMBbIMH), eciu P(A/B)=P(A). 3a onpeneneHne He3aBUCUMBIX COOBITUI
MO>KHO MPUHSATH CIEICTBUE MocienHen GopMyIbl U GOpMYIIbIl YMHOXKEHHS

P(ANB) = P(4) P(B)

JloKaKMTE CaMOCTOSITEILHO, YTO eclii A U B — He3aBUCHMBIE COObITHSA, TO A u B
TOJKE SIBJIAIOTCS. HE3aBUCUMBIMU COOBITHS.

IIpumep.PaccMoTpuMm  3amauy, AaH@JIOIMYHYI0 OPEABIAYLIEH, HO C  OJHHUM
JIOTIOJIHUTENIbHBIM YCIIOBUEM: BBITAILMB MEPBBIH IIap, 3aIOMMHAEM €ro LBET U BO3BpaIllaeM
iap B ypHY, IIOCJI€ YEro BCE LIapbl NepeMelnBacM. B naHHOM ciydae pe3yiabTaT BTOPOTO
U3BJICUEHHS] HUKAK HE 3aBUCUT OT TOTO, KaKOW Iap - YepHbIM MM Oenblil MosBWICA HpHU
NEpPBOM M3BJICYCHUU. BeposTHOCTh MOSABIEHHS MEpBBIM Oenoro mapa (coObiTue A) paBHa
7/10. BeposaTtHocTh coObITHSI B - TOSIBJICHUSI BTOPBIM YepHOTO Imapa - paBHa 3/10. Tenepb
dopmyna ymHOKEHHUs BeposiTHOCTEH naet: P(ANB) = 21/100.

N3Bnedenne mapoB cnoco0oM, OMTMCAaHHBIM B 3TOM MIPUMEpPE, HA3bIBACTCSI BLIOOPKOI
¢ BO3BpalllecHHueM UM BO3BPATHOM BHIOOPKOIA.

Craenmyer OTMETUTh, YTO €CIIM B JIBYX HOCJIEIHUX MPHUMEpaxX IMOJOKHUTh W3HAYAIbHbIC
KOJIN4YecTBa OEJBIX M YEPHBIX 1IapoB paBHbIMU cooTBeTcTBeHHO 7000 1 3000, TO pe3ynabTaThl
pacyeToB TeX )K€ BEPOSTHOCTEH OyAyT OTIMYATBHCS MPEHEOPEKUMO Maslo JUIsl BO3BPATHOH U
0€3B03BpaTHOM BHIOOPOK.



